Introduction 43
Backfat deposition in pigs is an important selection trait closely connected with carcass and 44 meat quality. MicroRNAs (miRNAs) and miRNA-like short RNAs (sRNAs) represent a functionally 45 relevant RNA category modulating the expression of coding messenger RNAs (mRNAs) and 46 noncoding transcripts in almost all tissues. In pigs, only 411 mature miRNAs are included in the 47 current miRBase release 21 (Kozomara and Griffiths-Jones, 2013) , being less than 16% of the 48 number of human miRNAs, indicating that miRNA discovery in pigs is far from reaching 49 saturation. To date, only few papers describing miRNAs expression in porcine adipose tissues 50 have been published (Li et al., 2011; Chen et al, 2012; Li et al., 2012; Bai et al., 2014) . Recently, 51 For each pig QTL annotated in the PigQTL database (http://www.animalgenome.org/cgi-145 bin/QTLdb/SS/download?file=gbpSS_10.2), we counted the number of differentially expressed 146 sRNAs and their predicted target genes considering only those with differentially expressed 147 transcripts with FDR at most 30% according to Zambonelli et al. (2016) mapping in the genomic 148 region. QTL enrichment in miRNA and genes was tested using the upper-tailed hypergeometric 149 test for over-representation, with one side mid p-values as defined in Rivals et al. (2007) . The 
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Small RNA identification and quantification from RNA-seq data genome, expressing 2,680 putative novel mature miRNAs, whose sequences do not overlap 166 each other and with different sequence from pig miRNA precursors reported in miRBase. Of 167 these, 103 NPmiRNAs passed the filtering criteria and were considered for following analyses. 168
Overall, 426 sRNAs resulted expressed in the new dataset, including 231 known miRNAs, 69 169 new miRNAs from known precursors, 103 new miRNAs from new precursors, and 23 moRNAs 170 Table 3 ). 171
As observed in Gaffo et al. (2014) , the expression distribution was very skewed: only 24 known 172 miRNAs (5.6% of the expressed sRNAs) accounted for the 90% of the total expression, and only 173 21.1% of expressed sRNAs accounted the 99% of the total expression ( Supplementary Figure 2) . 174
Ssc-miR-10b, ssc-miR-143-3p and ssc-148a-3p resulted very abundant and accounted together 175 for about the 52% of the total expression, with the first two accounting for respectively about 176 33% and 13% of the expression. 177 17, respectively. Up-regulated sRNAs include six known miRNAs (ssc-miR-146b, ssc-miR-365-5p, 186 ssc-miR-221-5p, ssc-miR-222, ssc-miR-132 and ssc-miR-1306-5p ) the moRNA ssc-moR-21-5p, a 187 new pig sister miRNA (ssc-miR-128-1-5p) and six mature miRNAs from newly predicted 188 precursors. All down-regulated sRNAs are miRNAs from already annotated precursors, including 189 12 known miRNAs (ssc-let-7c, ssc-miR-130a, ssc-miR-181c, ssc-miR-199a-5p, ssc-miR-199a-3p, 190 ssc-miR-199b-3p, ssc-miR-195, ssc-miR-193a-3p, ssc-miR-335, ssc-miR-133a-3p, ssc-miR-545-3p, 191 ssc-miR-136) and 5 new sister miRNAs (ssc-miR-214-5p, ssc-miR-99a-3p, ssc-miR-101-2-5p, ssc-192 miR-136-3p, ssc-miR-362-3p, ssc-miR-128-1-5p) . 193
We selected 9 DEMs, 8 miRNAs and ssc-moR-21-5p, for the qRT-PCR validation of differential 194 expression. A good agreement between RNA-seq and qRT-PCR expression estimates was 195 observed (R 2 =0.78, Figure 2A ) supporting the robustness of the data reported for all the small 196
RNAs detected in this study. Indeed, all the comparisons performed show the same trend 197 between the two analyses, and 5 out of 9 DE sRNAs resulted significantly differentially 198 expressed also according to RT-PCR estimations ( Figure 2B ). 199
200
IsomiR composition of differentially expressed sRNAs 201 IsomiRs were investigated for the DEM showing more than one variant (18 known and 6 novel-202 precursor miRNAs out of the 31 DEM). Fifty-nine distinct isomiRs were detected, specifically 58 203 in LEAN and 55 in FAT of which 54 were in common. Four isomiRs are specific for LEAN samples 204 and one is specific for FAT samples ( Supplementary Table 5 ). 205
The number of isomiRs contributing at least 10% of each DEM expression ranged from one to 206 four, a maximum value detected in three cases (chr5_31322-3p, JH118494-1_44794-3p, chr9_40038-5p). Three miRNAs (chr7_37486-3p, ssc-miR-136 and ssc-miR-193a-3p) are 208 represented by only one major isoform accounting for more than half of the miRNA expression 209 (Supplementary Figure 3A) . Most isoforms, according to miR&moRe classification, are 210 variations of the length: isomiRs in the "shorter_or_longer" category are 32 out of 58 in LEAN 211 and 29 out of 55 in FAT; the variants perfectly matching the reference sequence ("exact" 212 variants, or "canonical" isomiRs) are 18 in both groups; and "one-mismatch" variation isomiRs 213 are eight. Less than half of DEMs (10 cases in LEAN and 11 in FAT) express the canonical isomiR 214 as the major form. Conversely, "shorter or longer" isoforms compose the largest part of the 215 expression in 12 LEAN and 11 FAT cases. Notably, in 6 DEMs the exact isomiR contributed less 216 than 10% to the miRNA expression (Supplementary Figure 3B ). These findings are consistent 217 with our previous results (Gaffo et al., 2014) showing a similar distribution of isomiRs and 218 indicating that in pig backfat the canonical miRNA isoform is not always the most expressed for 219 the miRNA. 220 221 Network of short and long differentially expressed RNA interactions in pig backfat
222
The target prediction considered 66 sRNA sequences, including 59 abundant isomiRs from the 223 18 known miRNAs and the 6 NPmiRNAs, plus 6 new sister-miRNAs and ssc-moR-21-5p. The 224 predicted relations with significant strong negative correlations accounted for 56,683 sRNA-225 transcript interactions, involving 22,362 transcripts from 12,373 unique genes. All the 66 226 isomiRs potentially targeted at least one transcript each. Among the known miRNAs, ssc-miR-227 365-5p presented the largest number of targets (3,095 different transcripts targeted, 228 corresponding to 2,624 genes), while in absolute chr3_26283-5p has the largest number of target transcripts (3,383; 2,878 genes). Ssc-miR-136-3p has the smallest number of targets (524; 230 465 genes), while among the new miRNAs chr7_37486-3p has the minimum (1,011; 862 genes). 231
Considering the very large number of predicted interactions we focused particularly on the 232 predicted sRNA targets included among the 86 DETs reported in Zambonelli et al. (2016) , 233 resulting in 193 putative regulatory interactions between 30 DEMs and 40 target DETs 234 (Supplementary Table 6 ) that may contribute to regulate the metabolic activity of porcine 235 backfat. The network in Figure 3A upon recovery from stress. The same three genes and MRC1 and ATP6V0D2 participate in 241 several pathways linked to immunity. Furthermore, five genes (ADSSL1, AKAP5, BCAT1, HMOX1, 242 and PLIN2) are linked to metabolic pathways. 243
The involvement of several genes in the network in specific pathways is informative on the 244 putative regulatory activity of selected miRNAs beyond single targets, suggesting their impact their interactions could be implicated in genetic modulation of backfat deposition, we looked 256 for the overlap between their loci and pig QTL, and we observed 56 significantly enriched QTL 257
( Supplementary Table 7 ). Notably, a significant enrichment in miRNAs and their target DE genes 258 was observed for four backfat-specific carcass quality QTLs ( Supplementary Table 7 ). Two 259 largely overlapping QTLs (QTL 21222 "Average backfat thickness" chr4: 74,725,606-82,527,275; 260 QTL 21228 "Backfat at first rib" chr4: 76,741,953-83,693,913) covering approximately 9 Mb 261 contains four DE transcripts from PENK gene and from a predicted gene. Two enriched 262 "Average backfat thickness" QTLs were identified in chromosome 8 (QTL 29568, chr8: 263 33,033,004-33,985,796, XLOC_032101 / UCHL1) and 12 (QTL 5990, chr12: 23, 672, 040, 247) . The most interesting enriched QTL is located in chromosome 12 and contains the 265 genes expressing eight DETs, and notably five DE miRNAs (the up-regulated ssc-miR-193a-3p 266 and ssc-miR-195 and the down-regulated ssc-miR-132, ssc-miR-365 and ssc-moR-21-5p) 267 strengthening the indication of a possible role of these sRNAs in the backfat phenotype 268
variation. 269
The FAT and LEAN animals expression profile comparison disclosed 31 differentially expressed 275 sRNAs whose abundance is related to backfat level, including 30 miRNAs and a moRNA, ssc- The importance of ssc-miR-335 in the regulation of biological and molecular processes 308 responsible of different fat deposition between FAT and LEAN animals is supported by previous 309 data linking this miRNA to the control of fat traits (Nakanishi et al., 2009; Oger et al., 2014; and 310 Zhu et al., 2014) . In our network, the down-regulation of miR-335 is linked to BCAT1 311 overexpression. Under-expressed putative targets of overexpressed miRNAs include one 312 protein coding gene transcripts (DNAJB1) and noncoding transcripts, mostly belonging to heat on tissue inflammation was described in human obesity by different Authors (Hulsmans et al., 319 2012; Shi C et al., 2014) found an epistatic effect of different genetic elements acting on opposite direction in the 339 phenotype determination (Cordell, 2002) . However, the action on the phenotype of these two 340 miRNAs could be concordant or even synergistic if they repress the expression of genes whose 341 products have opposite roles in biological processes or signaling pathways. 342
Collectively, our data and the above discussed literature informed on the involvement of 343 miRNAs in the regulation of genes active in adipose tissue, suggesting that the identified DE 344 miRNAs can modulate several functions related to the adipose tissue development and growth, 345
in particular adipocyte differentiation, adipogenesis, lipid deposition, and obesity in humans. 346
Specific miRNAs might modulate as well heat shock transcript expression, supporting the idea 347 that pigs with an increased potential for fat deposition present some aspects similar to those 348 described in human obesity in which a mild inflammation blocks an excessive harmful effect on 349 a high level of inflammation when a chronic increase of fat tissue as in obesity occurs. 350
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